Background. To increase the options for agents for gastric cancer chemotherapy, we performed a phase II clinical trial on the use of a 3-h infusion of paclitaxel to confirm its efficacy and the feasibility of its use in patients with advanced gastric cancer. Methods. Thirty-two (32) patients with measurable metastatic gastric cancer were enrolled in this study. Seventeen patients (53%) had received prior chemotherapy for metastatic disease, 4 patients (13%) had adjuvant chemotherapy alone, and 11 patients (34%) were chemotherapy-naive. Paclitaxel was intravenously infused for 3 h, at a dose of 210 mg/m 2 , once every 3 weeks. To prevent hypersensitivity reactions, standard premedication was administered to all patients. Results. Nine (28%; 9/32 ) objective partial responses (PRs) were observed (95% confidence interval [CI], 14%-47%), and the remaining 23 patients showed stable (12 patients; 37.5%) and progressive disease (11 patients; 34.4%). The median time to response was 20 days (range, 14-38 days). The median response duration was 87 days (range, 50-103 days). The median survival of all patients was 234 days (range, 13-646؉ days). The major adverse reactions were myelosuppression (grade 3/4 leukopenia and neutropenia were observed in 59% and 88% of the patients, respectively), alopecia, and peripheral neuropathy. Peripheral neuropathy was observed in 19 patients, however, most of the patients recovered after the completion of treatment. Conclusion. A 3-h infusion of paclitaxel is an effective therapy for advanced gastric cancer and is clinically well tolerated by the patients.
Introduction
In digestive tract cancers, anticancer agents have been considered to be less effective in gastric cancer than in cancers in other parts of the tract. Recently, though, some effective agents for gastric cancer have been available; the median survival time is still within the 6-9 months' range, and chemotherapy has been used mainly in the palliative setting for this disease [1] .
Response rates of 18%-53% had been obtained in the first-line chemotherapy for gastric cancer. Most chemotherapy regimens for gastric cancer consist of combination chemotherapy that combines drugs with different mechanisms of action, such as: fluorouracil , and ECF (epirubicin ϩ CDDP ϩ 5-FU). These regimens have played an important role in the progress of chemotherapy for gastric cancer. They have had an impact on efficacy and survival in the chemotherapy of advanced gastric cancer.
Taxol is a novel taxane drug that was originally isolated from Taxus brevifolia, one of the western yews. Unlike the conventional antitumor drugs, it is characterized by the ability to promote the assembly of microtubules [2] .
Paclitaxel, a newer taxare, has demonstrated anticancer activity against a variety of cancers, including breast cancer [3] , ovarian cancer [4] , melanoma [5] and lung cancer [6] . In addition, the growth inhibitory effect of paclitaxel on primary cultures of gastric cancer is greater than that of CDDP and ADR [7] . Based on these findings, paclitaxel administration is expected to provide a clinical advantage (or usefulness) in the treatment of gastric cancer.
The recommended optimal dose of paclitaxel in Japan was determined to be 210 mg/m 2 , and this dose was higher than those in other countries (175 mg/m 2 ). Evaluation of efficacy in patients with gastric cancer yielded a response rate of 20% (3/15) in an early phase II study by Ohtsu et al. [8] . The main adverse drug reaction was myelosuppression (grade 4 neutropenia developed in 67% of the patients). Based on the above findings, this study was planned to evaluate the efficacy and safety of paclitaxel in the treatment of patients with gastric cancer.
Patients and methods

Eligibility criteria
Patients with histologically confirmed gastric cancer were eligible for registration, and the patient inclusion criteria included the following: (1) maximum of one prior chemotherapy regimen for metastatic disease and/ or one adjuvant chemotherapy regimen completed 4 weeks before entry, (2) adequate bone marrow function (white blood cell [WBC] count between Յ4000/ml and Ͻ10 000/ml; neutrophil count, Յ2000/ml; platelet count, Ն100 000/ml; hemoglobin, Յ9.0 g/dl), adequate liver function (serum bilirubin level, Յ1.5 mg/dl and serum transaminase level, Յ twice the upper limit of the normal range; if hepatic metastasis had been documented, then serum transaminase level, Յ three times the upper limit of the normal range), adequate renal function (serum creatinine level, Յ1.5 mg/dl; blood urea nitrogen level, Յ25 mg/dl), normal electrocardiogram (ECG), (3) Eastern Clinical Oncology Group (ECOG) performance status of 2 or less, (4) age between 20 and 75 years, (5) no other severe medical conditions, (6) no other active malignancy, (7) life expectancy more than 2 months, and (8) detection of a metastatic lesion greater than 1 cm in diameter.
Written informed consents, in accordance with government guidelines ("Good Clinical Practice" by the Ministry of Health and Welfare of Japan), were also acquired. This study was approved by the Ethics Committees at the participating sites.
Treatment
To prevent hypersensitivity reactions, all patients were premedicated with 20 mg of dexamethasone given intravenously 12 and 6 h prior to paclitaxel infusion, and 50 mg of diphenhydramine, given orally, and 50 mg of ranitidine, given intravenously 30 min prior to paclitaxel infusion. Paclitaxel, 210 mg/m 2 , was intravenously infused over a 3-h period. Patients received paclitaxel once every 3 weeks unless disease progression or intolerable toxicity was observed. If, in the previous course, the WBC count fell below 1000/ml or the platelet count decreased to less than 25 000/ml, or if a grade 3 or higher nonhematologic toxicity was observed, the paclitaxel dose was reduced to 180 mg/m 2 . However, if the same reactions were seen with the reduced dose, the dose was further decreased to 150 mg/m 2 . If the same reactions were still seen even after these dose reductions, the patient was taken off the study.
Evaluation
The Japan Clinical Oncology Group (JCOG) toxicity criteria (conforming to the National Cancer Center Common Toxicity Criteria [NCC-CTC]) were applied to evaluate adverse drug reactions. Tumor response to chemotherapy was evaluated by the standard World Health Organization (WHO) criteria. The evaluation criteria were as follows: complete response (CR), all lesions disappeared for 4 weeks or more; partial response (PR), the size of all measured lesions was reduced by 50% or more for 4 weeks or more, in addition to no new lesion appearing and no enhancement of the lesions concerned; stable disease (SD), the size of all lesions was not reduced by 50% and simultaneously no tumor growth by 25% or more was seen; and progressive disease (PD), development of a new lesion, not detected previously, or growth of an existing lesion by an estimated 25% or more. Tumor evaluations were performed by computed tomographic (CT) scans performed during every course.
Statistics
This study was designed to test the null hypothesis that the true response probability is less than the clinically in significant level of 10%. If it is rejected, we will accept the specified alternative hypothesis that the true response probability is at least a target level of 20% [9] . Therefore, the sample size was 60 patients, with alpha ϭ 0.05, beta ϭ 0.2. This study was designed to be completed earlier than originally planned if reproducibility of the results of a preceding phase II study of paclitaxel for gastric cancer was confirmed [10] .
Case registration was completed when the response rate was over the target level of 20% and the Bayesian estimated response probability exceeding the clinically insignificant level of 10% was over 99%. We produced the latter probability by applying Bayes' theorem [11] using, Jeffreys prior distribution [12] . Survival was calculated from the date of initiation by the Kaplan-Meier method.
Results
Patient characteristics
Thirty-two patients were entered in this trial between September 1997 and November 1999; the patient characteristics are summarized in Table 1 . The response rate was more than the target level of the expected response rate at 20%, and the Bayesian estimated response probability exceeding the clinically insignificant level of 10% became extremely high, at more than 99%, in the 32 registered patients. Thus, the patient registration was completed with the entered 32 patients. All 32 patients were evaluated for response and toxicity in the intentto-treat analysis. The two courses stipulated in the protocol had been completed in 30 of the 32 patients. Of the 2 patients who discontinued the protocol, 1 patient died of disseminated intravascular coagulation (DIC) before entering the second cycle, and another patient had initiated subsequent treatment before confirmation of stable disease (SD).
The median age of the patients was 59 years (range, 32 to 73 years). Sixteen patients (50%) had gastric cancer as the primary lesion and 16 patients (50%) had undergone surgical resection of primary gastric cancer. Twenty-nine patients (91%) had an ECOG performance status of 0 or 1. Histologically, 17 patients (53%) had intestinal-type adenocarcinoma, 14 patients (44%) had the diffuse type, and 1 patient (3%) had adenosquamous carcinoma. All patients had measurable metastatic lesions, and the metastatic site was the lung in 3 patients (9%), liver in 21 patients (66%), lymph nodes in 21 patients (66%), and other areas (bone, adrenal gland, residual stomach, and pelvis) in 4 patients (13%). Twenty-one patients (66%) received prior chemotherapy that was completed 4 or more weeks prior to entry: 4 received adjuvant chemotherapy alone, and 17 received chemotherapy for metastatic disease. All of the 21 patients who were previously treated with chemotherapy received antimetabolite therapy, and 17 of the 21 patients received platinum-based therapy. Eleven patients were chemotherapy-naive.
Efficacy
There were nine PRs, 12 SD, nine PD, and two were not evaluable (NE), yielding a response rate of 28% (9 of 32 patients; 95% confidence interval [CI], 14%-47%). The response rates of the patients with metastasis to lung, liver, lymph node, and other sites were 0% (0/3), 33% (6/18 evaluable), 16% (3/19 evaluable), and 25% (1/4), respectively ( Table 2 ). The response rates of the patients with intestinal-type adenocarcinoma, diffuse-type adenocarcinoma, and adenosquamous carcinoma were 24% (4/17), 36% (5/14), and 0% (0/1), respectively. The response rate of the 11 patients without prior chemotherapy was 36% (4/11) and that of the 19 evaluable patients with prior chemotherapy was 26% (5/19). The median time to response was 20 days (range, 14 to 38 days) and the median response duration was 87 days (range, 30 to 103 days). The median survival time of all patients was 234 days (95% CI, 147 to 303 days) (Fig. 1) .
Toxicity
All patients were evaluable for adverse reactions. The total number of treatment courses was 86 (median, 2 courses per patient; range, 1-9 courses). No patient needed dose reduction to 180 mg/m 2 . The most common adverse drug reactions are summarized in Table 3 . The major adverse reactions were myelosuppression, alopecia, and peripheral neuropathy. Leukopenia and neutropenia were observed in all of the patients, and were grade 3 or more in 59% (19/32) and 88% (28/32) of patients, respectively. Granulocyte colony-stimulating factor (G-CSF) was used in 50% of the courses (43/86). Mild to moderate myalgia and arthralgia were also observed, in 13 and 17 patients, respectively. Hypersensitivity reactions (skin rash) developed in 5 patients (grade 1 in 3 patients and grade 2 in 2 patients); however, the patients all recovered after appropriate treatment, and the paclitaxel therapy were not discontinued. Although most of the adverse reactions were resolved after the completion of the study treatment, 42% of the patients (8/19) with peripheral neuropathy continued to experience this adverse reaction after treatment completion. The drug therapy was discontinued in 2 patients due to treatment-related adverse reactions: in 1 patient for peripheral neuropathy, and in the other for liver function disorders. One case of treatment relateddeath, one case of grade 4 liver dysfunction, and one case of grade 4 interstitial pneumonia were reported. The study-drug-related death was due to DIC. In this patient, fever and neutropenia were observed on day 8 (paclitaxel administration day, day 1). The patient received antibiotic therapy and other symptomatic measures, but developed DIC as a complication on day 9 and died on day 12.
Discussion
This study examined the safety and efficacy of an infusion of paclitaxel (210 mg/m 2 ; 3-h infusion), given once every 3 weeks, for advanced gastric cancer. This therapy yielded a response rate of 28.1% (9 PRs/32 patients: 95% CI, 13.7%-46.7%); thus, in terms of efficacy, it was placed after S-1 (tegafur/gimestat/otostat potassium; 49%) [13] and MMC (30%) [14, 15] , but ahead of 5-FU (21%) [16] , ADR (13%-24%) [14, 17] , CDDP (19.4%-22%) [18, 19] , irinotecan hydrochloride (CPT-11; 23.3%) [20] , and docetaxel (24%) [21] . These figures represent the results of first-line therapies, excluding those of MMC and CDDP, suggesting that paclitaxel (first-line, 36.4%; second-line, 23.8%) would be extremely useful for the treatment of advanced gastric cancer. In an Eastern Cooperative Oncology Group (ECOG) study, the response rate for paclitaxel (250 mg/m 2 , 24-h infusion) was as low as 4.5%, and it was concluded that this drug was not useful for the treatment of gastric cancer [22] . Using the same method of administration as ours, Ohtsu et al. [8] reported that the response rate was 20% (3/15) among 15 patients, and an other study by Ohtsu et al. [10] reported a response rate of 23.3% (14/60) in 60 patients, including those who received paclitaxel as second-line therapy. Cascinu et al. [23] also used paclitaxel with a similar method (225 mg/m 2 , 3-h infusion), and obtained a response rate of 22.9% (8/35 ). Thus, the discrepancy between the results of the ECOG study and our study may be derived in large part from the difference in the method of administration. In our study, all patients developed leukopenia or neutropenia (grade 3 or more, 59.4% and 87.5%, respectively) associated with myelosuppression. Although these effects could be controlled by the administration of G-CSF, they underline the need for caution. Peripheral neuropathy, a side effect specific to paclitaxel, occurred in 19 (59.4%) patients. Although no patient had serious neuropathy, the incidence of this reaction tended to increase with repeated administration of the drug. Improvements were, however, noted in 11 of these 19 patients (57.9%) after the end of therapy, with the remaining patients also showing a tendency toward improvement. Although the development of hypersensitivity reactions to polyoxyethylated castor oil (Cremophor EL; BSAF, North Mount Olive, NJ, USA) used as the solvent for this drug, was a concern, there was no case of hypersensitivity reaction to this solvent, as premedication was administered.
The reason for the low median number of dosing courses (2) is considered to be that a large number of patients discontinued the study drug treatment prior to the disease worsening because of a change in treatment policy.
There was one case of treatment-related death (TRD), presumably resulting from infection due to neutropenia; all the other patients were manageable.
The median survival time (MST) in our study was 7.8 months, although the fact that the study included 21 patients who had received previous chemotherapy, and although the study drug was administered as monotherapy. From these results, it can be expected that an effective regimen for gastric cancer will be developed with a combination of paclitaxel and other drug(s).
In recent years, a weekly regimen of paclitaxel, taking into consideration its mechanism of action, has been widely examined. A report of a comparative study of a weekly infusion vs an infusion once every 3 weeks [24] documented almost the same efficacy, and decreased adverse reactions (in particular, myelosuppression and peripheral neuropathy) with the weekly infusion, although the studies were not conducted in gastric cancer patients. Thus, even though, as mentioned above, there has been no such study in gastric cancer patients, a weekly regimen is of great interest in view of its safety.
In conclusion, the issues to be discussed in regard to paclitaxel are: (1) the establishment of an optimal regimen for monotherapy, and (2) the establishment of combination regimens for use in gastric cancer, based on the optimal regimen for monotherapy. Because paclitaxel has high efficacy even when administered as monotherapy, and because it has been reported to be safe, even for prolonged and repeated administration in breast cancer, it offers great promise as a candidate component of standard regimens for the treatment of gastric cancer.
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